ABSTRACT GW170817/GRB170817A, a short gamma-ray burst arising from a low-mass compact object merger was the first multimessenger discovery of a compact binary system outside the local galactic neighborhood. From gravitational-wave measurements, we know GW170817 has a wide range of plausible component masses, depending also on less well-constrained properties such as the spin and tidal deformability of the component stars. The kilonova light curve -and hence the total ejecta mass from a given source -depends on the relative contribution of dynamical ejecta and other sources such as disk winds. Electromagnetic observations and model fitting of the ejecta properties from the subsequent kilonova detection provided values of the ejecta mass from the merger. These values, when combined with the gravitational-wave measurement disfavors an equal-mass configuration, with the level of disagreement dependent on the assumed amount of ejecta mass of dynamical origin. Within the confines of our own galaxy, several binary neutron star systems along with measurements of their component masses have been made. If those distributions are indicative of a universal distribution, the joint measurement of the component masses of GW170817 represents an outlier. This tension is not easily resolvable from physical arguments, as the proposed pathways which form binary neutron stars do not often produce very asymmetrical pairs. Even accounting for the uncertainty associated with the total mass of the dynamical ejecta, this tension suggests that the distribution of binary neutron star masses in the galaxy is not indicative of those in other galaxies.
INTRODUCTION
GW170817/GRB170817A (Abbott et al. 2017c) , is the closest GRB yet localized (Abbott et al. 2017b ) and the first binary neutron star (BNS) merger observed with a gravitational wave (GW) interferometer network including the Advanced LIGO (Harry & LIGO Scientific Collaboration 2010) and Advanced Virgo (Acernese et al. 2015) interferometers. Given its proximity, the host galaxy and post-merger electromagnetic transient (AT2017gfo) was identified (Coulter et al. 2017; Soares-Santos et al. 2017; Valenti et al. 2017; Arcavi et al. 2017; Tanvir et al. 2017; Pian et al. 2017; Lipunov et al. 2017 ) within about 12 hours, and intensive programs of X-ray, optical/infrared, and radio observations soon followed (Abbott et al. 2017d ). Light curves measured over the next several weeks identified the hallmarks of a kilonova (Li & Paczyński 1998; Metzger 2017 ) -emission driven by neutron-rich ejected material undergoing r-process nucleosynthesis. Depending on the opacity of the resultant ejecta, the flux from this decay-heated ejecta peaks on the ∼day to ∼week timescale (Metzger & Fernández 2014) .
In the case of GW170817, it is possible that several types of ejecta with differing opacities and velocities are exhibited: a fast, "blue", low opacity component originating from the shocked interface of the two merging NS (Bauswein et al. 2013; Radice et al. 2016) , a "red", higher opacity component originating from an equatorally focused "tail" of material dynamically ejected from the binary (Barnes & Kasen 2013; Rosswog 2013; Hotokezaka et al. 2013; Radice et al. 2016) . Later evolution of an accretion disk around the remnant may also produce winds (Perego et al. 2014; Martin et al. 2015; Kasen et al. 2015; Fernández et al. 2015; Fujibayashi et al. 2017) , resulting in contributions to both blue and red emission.
Studies of spectra and photometry (Cowperthwaite et al. 2017; Nicholl et al. 2017; Chornock et al. 2017; Kasen et al. 2017; Smartt et al. 2017 ) characterized the kilonova emission properties, with joint models parameterzing them primarily by the mass (m ej ), opacity, and velocity of the ejected material (Dietrich & Ujevic 2017; Coughlin et al. 2017) . More complicated models (Margalit & Metzger 2017; Metzger et al. 2018; Li et al. 2018; Piro & Kollmeier 2018; Mooley et al. 2018; Chang & Murray 2018; Matsumoto et al. 2018; Coughlin et al. 2018 ) have been proposed to explain features in the light curves which are not easily explained by a two-component model. Some of these studies examine a detailed geometric (Wollaeger et al. 2018; Perego et al. 2017) parameterization of the merger and post-merger dynamics. If the ejecta originates from the merger dynamics of the system, the ejecta mass must be greater than 10 −2 M in order to explain the peak and duration of the light curves in optical bands, given the distance (Hjorth et al. 2017; Cantiello et al. 2018) to the source.
Analysis of the gravitational-wave data using Markov chain Monte Carlo (MCMC) sampling (Veitch & Vecchio 2010; Veitch et al. 2015; Abbott et al. 2017c; The LIGO Scientific Collaboration et al. 2018 ) with putative gravitational waveforms provided a Bayesian posterior measurement of the physical parameters of the pre-merger binary, including component masses and NS spin information. Those waveforms also include a set of finite-size effects (Hinderer 2008; Read et al. 2013 ) which encode some the effects of the tidal interactions on the bodies in the binary, and in turn dependent on the equation of state (EoS) of the nuclear matter composing the NS. These analyses are able to measure the chirp mass of the binary very precisely (Arun et al. 2005 ), but leave a wide degeneracy in the component masses which extends from an equal-mass binary (1.37 + 1.37) into values of mass ratio q = m 2 /m 1 ∼ 0.7 − 0.4 (depending on the allowed component spins) and consequently produce a binary nominally containing a very massive primary, likely a black hole. Özel et al. (2012) , using six radio-detected system with pulsars and close orbits, carried out a fit of the neutron star masses to a normal distribution, obtaining a narrow set of Bayesian confidence contours around µ = 1.33 and σ = 0.09 (Özel & Freire 2016) . The equal-mass configurations fall comfortably within the observed Milky Way population of binary neutron stars. It is pertinent to note that the equalmass configurations supported by the GW data intersect almost exactly with the Galactic distribution near its mean of 1.33 M . However, the peak of the GW primary/secondary mass posteriors in Abbott et al. (2017c) and The LIGO Scientific Collaboration et al. (2018) is not at equal-mass, instead peaking near q ∼ 0.7 − 0.8, implying that significant support from the gravitational-wave data exists for a BNS configuration which is not consistent with the inferred Galactic distribution. Moreover, the results of several simulations (Lehner et al. 2016; Dietrich et al. 2017b,a) of binary neutron star mergers and their ejecta products show a strong dependence of the ejecta mass on the mass ratio of the binary. The ejecta mass scales with increasingly asymmetric binary configurations. Projecting this against the gravitational-wave data implies that equal-mass configurations would not have produced the emission observed because the brightness of the light curves are indicative of a high ejecta mass and thus asymmetric mass ratio. It is this tension we quantify and explore here.
in The LIGO Scientific Collaboration et al. (2018) 1 provide a distribution on the component masses, which will be denoted as p(m 1 , m 2 |GW). Two distributions on the component masses were reported in The LIGO Scientific Collaboration et al. (2018) , one corresponding to dimensionless component spins up to near maximal (χ < 0.89) and one corresponding to small spins, up to the largest measured NS spin in an electromagnetically observed BNS (χ < 0.05). The former set is referred to as the 'high-spin' prior set and the latter as the 'low-spin' prior set.
Using a fit derived from several numerical relativity simulations Dietrich et al. (2017a) , allows a projection of the EM ejecta distribution into the component mass space, labeled as p(m 1 , m 2 |EM). Several photometric measurements (see Villar et al. (2017) ; Arcavi (2018) for an extensive list and comparison) of the properties of the ejecta driving the kilonova have been made, most being in broad agreement with each other. The values from the two-component model in Cowperthwaite et al. (2017) are adopted here 2 , and are modeled as a Gaussian distributed value of m ej centered on the median and standard deviation derived from either of the 90% intervals of 3.6
−2 M (red) and 1.4
M (blue) quoted in that publication. The fitted velocities of either component (v red = 0.15c and v blue = 0.3c) together with NS merger simulations hint that the blue ejecta originates from the shocked NS interface at merger, and the red component is dominated by a post merger disk wind (Siegel & Metzger 2017) . Without definitive evidence to either scenario, and allowing for the possibility that either component can be contributed to in some measure by dynamical or disk winds, we consider the two distributions as bracketing the possible resulting mass distributions.
COMPARISON WITH GALACTIC DISTRIBUTIONS
The distribution of NS masses has been fit to a Gaussian distribution with a mean of 1.33 M and standard deviation of 0.09 M , from known binary neutron stars which will merge within a Hubble time in the local Galactic neighborhood (Özel et al. 2012; Özel & Freire 2016) . Since the fit was performed, three additional merging systems have been discovered. Most recently J1913+1102 (Cameron et al. 2018 ) is an eccentric BNS, with very well determined masses near the mean of 1.33 M . J1411+2551 (Martinez et al. 2017 ) has a comparatively low total mass, but the component masses values are not well constrained, allowing for a mass ratio of > 0.57. However, the equal-mass configura-tion of the same total mass is two NS of 1.26 M , reasonably contained within the inferred Galactic distribution. The other, J1913+1102 (Lazarus et al. 2016) , has similar limits on the mass ratio, but a heavier total mass, giving an equalmass configuration of 1.44 M , also comfortably within the bounds of the distribution. In Özel et al. (2012) , the fit does contain systems with only bounds from the mass function, but is strongly influenced by systems where the individual masses are measured precisely. Given that the three new systems plausibly would not affect the inferred parameters of the distribution, this work will adopt these parameters as representative of the Galactic neutron star distribution for both components of the binary.
Reweighting the Gravitational-wave Data
In order to quantify scenarios which involve the hypothesis that GW170817 arose from a population which is modeled by a Gaussian distribution, first it is required to produce a GW sample set which is representative of the prior belief of a Gaussian distribution as opposed to the uniform. The gravitational-wave posterior samples assume a uniform prior 3 . The prior area (here denoted as Ω) covered by p U does not totally enclose p G , due to the irregular boundaries. However, the strongly peaked likelihood is bounded away from the uncovered region, making biases from ignoring this part of the space unlikely. The form of the likelihood p(d|m 1 , m 2 , GW) is unchanged with the change of hypothesis in the prior. Thus, instead of rerunning the full parameter estimation pipeline and obtaining a new set of samples, it should be sufficient to instead resample the GW posterior distribution. The reweighting applied is:
In equation 1, the subscript on the prior definition indicates U for uniform and G for Gaussian, intended to distinguish the different form of the priors. Figure 1 shows the original posterior distributions overlaid with the reweighted distributions. The reweighted distribution represents the gravitational-wave posteriors under the prior assumption that the component masses are drawn from a Gaussian distribution with µ = 1.33 and σ = 0.09.
The high-spin priors extend out to extremely high masses (well above 3 M ), so the reweighting procedure introduces a sharper fall off in the mass ratio, restricting the 90% region to less than 0.7 and the total mass to less than 2.9 M . The effect on the low-spin prior is less pronounced, since it did not extend beyond this region to begin with.
Application of the Electromagnetic Constraints
The likelihood defined in section 2, confines the most likely values of either component's ejecta mass to narrow ranges. We model this distribution in the ejected matter with a Gaussian distribution centered on the reported median value, and a standard deviation which gives 90% credible intervals consistent with that measurement. The actual shape of that distribution is mostly unimportant, given how narrow the credible region is. Since it is formulated in the ejecta mass, the constraint must be projected into the component mass plane so we can apply the gravitational-wave prior. We accomplish this using the fitting function from Dietrich & Ujevic (2017) . This function is derived from a set of binary neutron star merger simulations with a variety of configurations in the component masses and the equation of state (EoS). This introduces an additional dependence on the NS radii from the EoS through its implicit radius-mass relationship.
We seek to apply the EM constraints in the component mass space by use of the fits to infer the distribution of m 1 , m 2 from a given draw from the ejecta mass distribution. However, a confounding factor in this analysis is that the ejecta fits come with a 72% relative error in the fitted ejecta mass for a given value of m 1 , m 2 and corresponding NS radii. The overall effect of this error would be to widen the distribution of the component masses obtained from a distribution of the ejecta mass. In Abbott et al. (2017a) , a log-normal distribution centered on the ejecta mass sample was employed with a spread parameter which produced the desired error in the ejecta distribution. We adopt this distribution here as well, and incorporate the uncertainty introduced by sampling from the joint component mass distribution in a fashion consistent with both the mass posteriors and the lognormal spread in the ejecta distribution with a MCMC. The MCMC is then sampling the component mass space using p(m 1 , m 2 |GW, M) as a proposal, and only accepting jumps when they are consistent with both the lognormal spread distribution and p(m 1 , m 2 |EM).
Since there are two competing hypotheses (the NS masses follow a uniform distribution versus the Galactic NS distribution), a natural way to quantify the preference for a given model versus another is the Bayes factor (BF), the ratio of the evidences under either hypothesis. The evidence -the quantity which normalizes the posterior in Bayes' rule -is calculated as:
Wherein above and throughout the remainder of the work, M refers to the model: G for Gaussian reweighted priors and U for uniform priors. For each EoS, the evidence is calculated from importance sampling each posterior.
To incorporate the EoS with the gravitational-wave data in a precise manner is difficult -specific EoS would inscribe trajectories through a two-dimensional posterior over the tidal deformability parameters. A careful accounting is required to treat the mass and tidal distributions selfconsistently. Instead, the tidal deformability is ignored in the following, its dependence will only manifest when referring to of the effect of the component radius on the ejecta fits. For the most part, the choice of EoS is unimportant in estimating the evidence for a given hypothesis. However, the EoS does play one, arguably important, role in shaping the joint observational posterior distribution: the maximum allowed NS mass. The highly asymmetric mass configurations allowed by the GW data extend to very massive primary component masses -in some cases, beyond those even allowed by causality (Kalogera & Baym 1996) and thus implying the existence of a black hole. However, adopting an EoS imposes a maximum mass cutoff. In many cases -particularly for the high-spin gravitational-wave posterior -this cutoff can cut directly into the support of the likelihood, and becomes a point of departure for evidences between them.
RESULTS
In Figures 2 and 3 , the constrained posteriors, presented in total mass (source frame) M source and mass ratio q for each EoS are shown. We opt to show M source and q rather than component masses, because the highly covariant and narrow posteriors in the component masses make it more difficult to discern differences. Figure 2 are the resultant posteriors if the p(m 1 , m 2 |EM) is a Gaussian formed from the parameters inferred from the red kilonova component and Figure  3 is the result if the only the blue component is used. The original gravitational-wave-only credible regions are shown in black; they are different only between their allowed NS spins. The unweighted EM constrained posterior distribution is shown in blue and the Gaussian-reweighted and EMconstrained distribution is shown in red.
Once distinguished between the red and blue ejecta model or the allowed spin magnitudes, the EM-constrained but uniformly weighted distributions occupy very similar credible regions for all the EoS considered. There is some variation in shape and size of credible regions for the Gaussian reweighted and EM constrained distributions, regardless of the spin prior applied. Comparing against their counterparts which have not been reweighted shows distinct shifts relative to the unweighted distribution in higher total mass and more asymmetric component mass combinations (e.g. q < 1). Broadly, comparing blue to red bears out the expectation that smaller ejecta mass values favor more equal-mass configurations. The discriminator of requiring consistency with the red ejecta mass distribution (Figure 2 ) has reduced support in q > 0.9 for the Gaussian reweighted and low-spin case, and q > 0.8 for the unweighted distribution in most cases.
Also notable is the low-spin, blue ejecta case (Figure 3 , left panels), where the Gaussian reweighted and unweighted distributions are separated but still wholly contained within the space of the prior. This implies that low-spin prior allows for the restriction applied from the electromagnetic data as well as encompassing both the weighted and unweighted distributions. Thus, the EM data is not informative enough to induce large differences in the resulting distributions, and the evidences (equation 2 and BF will be dominated by the Gaussian reweighting versus unweighted.
Conversely, when considering the red ejecta cases, it is likely that electromagnetic constraints are reshaping the distributions and equal-mass regions are being populated primarily by the allowed error on the fitting function itself. If the relative error were reduced, it is likely that there would be a systematic pile up of the distributions near q ∼ 0.85 where the values of the mass ratio would be consistent with both a sharply falling support from the Galactic distribution and a sharp increase in support from the allowed ejecta values. The high-spin priors, with a greater support within the region of high electromagnetic probability, are shifted to even more asymmetric mass ratios, typically 0.6 < q < 0.65, as well as correspondingly heavier total masses (2.85 M ) as opposed to their Gaussian reweighted counterparts near 2.8 M . Table 1 enumerates the evidences for each model and their log ratio (the log BF) with the left set of columns derived from the low-spin results and the the right set corresponding to high-spin. The individual Z columns are Equation 2 applied to integrate the blue and red distributions in Figures  2 and 3 and obtain Z U and Z G , respectively. The log of the ratio of these two is the log BF, and this is quoted in the rightmost column per spin prior set. Though a full suite of EoS were examined, Table 1 only list BF for those whose maximum masses are supported by the observation of the heaviest known NS (Demorest et al. 2010; Antoniadis et al. 2013) . As expected, the BF strongly favors the uniform against the Gaussian prior for all EoS, moderated primarily by the assumed spin prior and the allowed ejecta masses. There is some moderate variation in the evidence calculated on perEoS basis regardless of the spin prior applied. The variations in the high-spin case, however are driven by Z G while Z U is remarkably constant across most EoS.
For those EoS which are supported by current observations, there is little variation within the EoS. A pairwise comparison of evidences between EoS shows no significant preference for a given EoS particularly with the high-spin prior set. This is perhaps not surprising since we have not given special treatment to an EoS specific hypothesis, e.g. expanding the posterior distributions to include information about the tidal deformations.
DISCUSSION AND CONCLUSIONS
We have presented Bayes factors for uniform (uniformed distribution) versus the Gaussian (Galactic distribution) hypothesis for both "blue" and "red" results, with the assumption that the entirety of the ejecta mass in either component is derived from dynamical processes (namely the polar or tidal tail). The fit connecting the gravitational wave posterior distributions to the inferred ejecta mass used in this work is calibrated primarily to the dynamically-driven ejecta. Given the rapid velocity (v = 0.3c) associated with the blue component, it is unlikely that disk winds would produce this component, and hence we establish this as a lower bound to the resultant evidences and BFs. The corresponding upper limits assume that the dynamical tidal tails dominate the disk winds (Siegel & Metzger 2017 ) and thus forms the primary source of the ejecta associated with the red component. If the red component has a significant contribution from disk winds, as is expected from its lower velocity, then the truth will lie somewhere between the two scenarios. The fitted EM velocity (v ∼ 0.15c) of the tidally-torqued ejecta is somewhat lower than expectations from modeling (see Dietrich & Ujevic (2017) and tables within), which usually produces a tail of > 0.2c. However, even the disk mass available for such a process is also dependent on the mass ratio of the system, with asymmetric configurations promoting a larger disk (Shi- Figure 2 . Displayed here (left: low-spin, right: high-spin) are a selection of Msource and q distributions after applying the electromagnetic constraint through the measured ejecta mass distribution. The entirety of the ejecta associated with the red component is assumed. The light red contours (heavy/light corresponding 50%/90% as before) correspond to the constrained distribution under the Gaussian prior reweighting, and the dark red to the constrained distribution without the reweighting. These two contour sets should be compared to p(M, q|GW,U), which is plotted in black and labeled as 'prior'. Each panel contains a different EoS, which affects the component radius and hence the inferred ejecta.
bata & Taniguchi 2006). While the fit used in this work does not capture these effects, the overall scaling of disk mass with mass ratio is likely also indicative of asymmetric binaries.
At the most extreme, the mass ratios obtained from the joint distribution with high-spins and red ejecta imply q ∼ 0.65. For the total masses allowed near this value, we obtain m 1 ∼ 1.7 M and m 2 ∼ 1.1 M . Numerical models of stellar collapse predict strongly peaked mass functions, in concordance with the observational result and fit. However, while Fryer & Kalogera (2001) do obtain the peak at ∼ 1.2, they also obtain a lower probability, near-continuous tail above ∼ 1.6. They adopt a fiducial fraction of energy driving the supernova and resultant fallback, which can enhance the birth mass of the NS. This may allow for a more massive neutron star, but it lends no support to the smaller secondary companion at asymmetric mass ratios. A categorical study of the various supernova mechanisms and progenitor types (Fryer et al. 2012) seems to lead to similar conclusions, electron capture supernova and lighter progenitors produce remnant (baryonic) masses around 1.28 M . Heavier NS are produced for progenitors between 10-30 M , but uncertainties in the explosion mechanism and variation in metallicity allows for a wide variety of NS masses. However, a mass of 1.1 M is unusual regardless of the prescriptions adopted in any of those simulations. Later studies by Fryer et al. (2018) reinforce this result, producing NS between 1.2 − 1.7 M . It is notable, however, that while feasible within these models, the masses here would be near the outlying extremes of these results as well.
Some population synthesis, such as Dominik et al. (2013) form binary neutron stars, incorporating prescriptions from Fryer et al. (2012) , seem to be able to produce some of the more asymmetric configurations favored here, albeit at a lower frequency than the well established peak. It is notable that they obtain a double peaked structure when the primary and secondary distributions are separated. The dominant contributor to the spread in the component mass distribution is the relative error in the ejecta fits, and we have incorporated their effects into the jointly constrained distribution. Even with 72% relative errors, the constrained distribution favors a GW prior distribution without the additional Galactic distribution constraint. The fits used to infer the mass distribution from ejecta values is specifically only for non-spinning NS. Additional work exploring the effects of spins aligned with the system orbital angular momentum axis has appeared in Dietrich et al. (2017a) . They find that NS systems with spins aligned with the orbital angular momentum can change the amount of ejecta produced -however it is difficult to model how this would influence the result presented here since the variation over spin configurations (the number of which is representative but small) is of the order of the uncertainties in the ejecta mass.
This result could also suggest that the Galactic binary neutron star mass distribution itself is either not universal or the form of it is not well-described by a Gaussian with the quoted parameters. The latter is difficult to resolve with any simple distributional model -measurements of DNS masses tend to be confidently confined near the quoted peak of 1.33 M due to the precision obtained from measuring post-Keplerian parameters. When only upper-limits are available, they can span a wide range, including the masses in the constrained distributions shown here. The fit from Özel et al. (2012) incorporates both types of systems and still obtains the narrow distribution used in this work. Thus, the idea that the Galactic distribution does not hold for other galaxies may be more plausible: NGC4993, the host of GW170817's progenitor stars, is a early-type, possibly lenticular, galaxy. These types exhibit characteristics of both spiral and elliptical galaxies. Moreover, observations of the host galaxy show evidence for a merger with another galaxy about a Gyr ago (Blanchard et al. 2017; Levan et al. 2017) . These events could have shaped a different formation environment or evolutionary path for the progenitor system (Abbott et al. 2017e ) of GW170817.
The uniform priors used in measuring the masses of GW170817 from the GW data can simultaneously support an red blue low spin χ < 0.05 high spin χ < 0.89 low spin χ < 0.05 high spin χ < 0.89 EOS log ZU log ZG log ZU /ZG log ZU log ZG log ZU /ZG log ZU log ZG log ZU /ZG log ZU log ZG log ZU /ZG origin from the Galactic distribution and the constraints implied by electromagnetic observations, regardless of the assumed color. When the gravitational-wave data is reweighted to reflect applying a prior for a MW like distribution, the BF relative to the uniform prior model disfavors the alternative. This result holds for both low-spin and high-spin priors and blue versus red ejecta, but the high-spin priors and red ejecta obtain evidences values and BF which are consistently larger than the low spins and blue colors. Consequently, when considering red ejecta and all reasonable equations of state tested, the confined distribution in the component masses has virtually no support in the range of the Milky Way DNS distribution. The separation is reduced in the blue ejecta case, particularly for the high-spin priors, with a corresponding reduction in the BF.
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